was found to confer a strong resistance to HIV-1 infection in the Caucasian population [4, 5] . The CCR2b and the SDF-1 (stromal cell-derived factor-1) genetic variants were also found to be associated with a resistance to HIV-1 infection [4, 5] . The latter result suggests that the low HIV-1 prevalence displayed in Gabon may be due to the presence of known and unknown human genetic variants that would influence HIV-1 infection susceptibility.
The SDF-1 molecule, a major ligand for α-chemokine receptor CXCR4 (receptor used by T-tropic HIV strains), has a polymorphic gene in the 3 ′ noncoding region. Two studies reported that the homozygous status for the SDF1-3 ′ A variant showed evidence of a slow and a rapid HIV progression in infected patients [4, 5] . These conflicting results require further investigations.
CCR5 (β-chemokine receptor 5) is the major coreceptor for the entry of human macrophage-tropic HIV strains. CCR5-Δ32, a first and most important mutant allele of the CCR5 gene, bears a 32-bp deletion in a region corresponding to the second extracellular loop of the coreceptor [6] [7] [8] . For the homozygous status, the CCR5-Δ32 allele present in the Caucasian population in Europe, with an average allele frequency of 9.1% and an increasing gradient from South to North [6] , confers a resistance to HIV infection in almost all studies [7, 8] .
The HIV virus does not directly use CCR2 for host cell entry, so CCR2 is considered a minor coreceptor for HIV infection. Although the CCR2b-V64I allele (a valine to isoleucine substitution at position 64 in the first transmembrane domain of CCR2), common in all types of populations, proved to have a slowing effect on HIV-1 infection in African-Americans, this was not the case in the Caucasian population [9] . Studies on putative consequences of the CCR2b-V64I variant in the HIV-infected population do not all agree yet.
The main goal of this work was to assess in Gabonese subjects the genetic variants which modulate the entry of HIV-1 virus in target cells (susceptibility to HIV-1 transmission).
The two specific objectives of this study were (1) to establish CCR5-Δ32 (main coreceptor), CCR2b (accessory coreceptor) and SDF1 (CXCR4 chemokine coreceptor) genotypes and (2) to investigate other mutations in the CCR5 gene by exploring the coding region of this gene, without any a priori hypotheses. These genetic variants were classified into two groups of subjects in Gabon according to HIV-1 seronegative and seropositive categories.
This study was conducted in three major Gabonese cities in 1997. In fact, HIV-1-infected patients were recruited through sexually transmitted disease centers in Libreville, Port-Gentil and Franceville. Subsequently, two groups of subjects were distinguished based on their HIV status. The HIV seronegative group comprised about 234 subjects recruited in Port-Gentil. These were soldiers from different ethnic groups and from different regions of Gabon. The HIV seropositive group consisted of 102 subjects recruited from sexually transmitted disease centers of Libreville, Port-Gentil and Franceville. At the time of recruitment and serology, these subjects had no symptoms of AIDS. HIV seropositivity tests were then performed by the Western blotting technique using HIV antibodies (Sanofi Diagnostics Pasteur, Paris, France).
The investigations for genetic variants were performed in two ways: (1) the detection of known polymorphisms was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and (2) the exploration of other sequence changes was performed using denaturing gradient gel electrophoresis (DGGE) followed by sequencing.
In the CCR5 gene's coding region, a DNA fragment of 801 bp length was explored; this region comprises a portion of exon 4, including most of the open reading frame. This 801-bp fragment also comprises sequences encoding for the first six transmembrane domains of the CCR5 protein. A sequence from GenBank (HSU95626) was used as a reference to allow the location of the explored region to be in the range of 61,464-62,264. The targeted area was spliced into three partially overlapping zones in order to optimize the discovery of a mutation using the DGGE technique. The exploration conditions of the CCR5 gene using DGGE (primer sequences, GC tail added and PCR conditions) are listed in table 1 . PCR-RFLP, DGGE and sequencing allowed the identification of six mutations ( table 2 ), which were further investigated and characterized. Only four of these mutations have been found in subjects with heterozygous status. Two out of four nucleotide substitutions were nonsynonymous, leading to an amino acid change: R60S and V134G. The majority of mutations are rare (3/4), but only the S75S one reaches up to a polymorphic rate. Unfortunately, its low frequency cannot be statistically correlated with the susceptibility or resistance to HIV-1. The exploration of the CCR5 gene-coding region revealed several rare mutations and one polymorphic mutation. This polymorphism (S75S) leads to a nonsynonymous mutation, allowing to have an unmodified functional impact, unless there is a preferential codon reading, a creation of a cryptic splice site or a destabilized DNA secondary structure. The low frequency of this polymorphism did not allow us to perform any association study. The R60S mutation, occurring in the present study as a rare mutation, is controversially associated with HIV infection [10] .
The CCR5 gene-coding region in Gabonese subjects does not have a deletion of 32 bp and a m303 mutation, confirming results found in other African populations [11, 12] , but instead has a high rate of rare mutations. This pattern observed in the CCR5 gene is similar to that seen in the South African population, which also shows a high rate of rare mutations but no association with HIV infection [9] . All these results suggest that the CCR5 gene-coding region does not seem to play a role in the resistance to HIV infection and that further investigations should be performed in the promoter region of the gene. The allele frequency of the SDF1-3 ′ A variant in the Gabonese population (2%), which are typical Bantu, is consistent with the values observed in the subregion of Central Africa (0-7.1%) [12] as well as with those found in South African Xhosa (2%) [13] . So far, three situations in connection with the SDF1-3 ′ A variant have been established in black African populations: (1) a nonassociation with HIV-1 according to the present study; (2) an association with age in Cameroonian seronegative subjects but no association with HIV infection in Cameroon [12] and, finally, (3) an association with a high risk of HIV infection in the Xhosa population of South Africa [13] .
With 17% in the Gabonese population, the CCR2b-V64I variant has an allele frequency similar to those observed in other African populations [11, 12] . It should be noted that this variant is found two times more frequently in Asian populations [11] . Consistent with previous results in African populations of western Kenya [14] and Cote d'Ivoire [15] , no association was observed between the CCR2b-V64I variant and HIV infection in the Gabonese population. It thus seems that in African populations, the CCR2b-V64I variant is not associated with resistance to HIV infection, though a high risk for HIV infection was found in Cameroonian men but not in Cameroonian women [12] . Linkage disequilibrium found between the CCR2b-V64I and CCR5 promoter region can interfere with the associations of the CCR2b-V64I variant in HIV infection.
The low prevalence of HIV-1 observed in the Gabonese population before 1999 (1.8%) could be attributed to specific viral variants. But our study on strain diversity in Franceville produced results with a predominant HIV-1 subtype A (49%) and a diversity of HIV-1 strains (A, A/G, B, B/D, C, C/G, D, F, G and H) of group M [3] . This diversity of strains does not support any protective effect against HIV infection by viral variants. The results of the present study on human genetic factors reveal a lack of genetic variants functioning as protectors. Our previous study on human genetic variants of mannose-binding lectin (MBL) detected variants associated with a susceptibility to HIV-1 infection [16] , predicting the spread of HIV infection in Gabon.
After excluding human and viral genetic factors, environmental factors appear to better explain this contradictory situation. Indeed, the HIV seroprevalence in the Gabonese population reached 6% in 2008 [17] , marking the end of the 'HIV Gabon paradox'; Gabon now has the same average prevalence values as other countries in the subregion of Central Africa.
The situation registered before 1999 may be explained by a more important geographical isolation at the time, thus preventing the Gabonese population from mixing with other populations and preventing the spread of HIV strains. This isolation was mainly due to bad road conditions between major cities, costly air flights and the fact that only one waterway between Libreville and Port-Gentil and one railway between Libreville and Franceville have always existed. Environmental factors that have changed between the 1990s and the 2000s are essentially the mixing of populations. Indeed, in Gabon, the road network was poorly developed in the 1990s, leading to little mixing of populations. However, in the 2000s, the road network has developed considerably bringing about the mixing of a larger population. Besides, Gabon is one of the countries in the subregion to attract people from the surrounding countries by offering substantially higher wages. This resulted in a greater flow of migration in the 2000s rather than in the 1990s.
